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INTRODUCTION 


The Long Duration Exposure Facility (LDEF) carried 57 experiments and 10,000 
specimens for some 200 LDEF experiment investigators. The external surface of LDEF 
had a large variety of materials exposed to the space environment which were tested 
preflight, during flight, and postflight. Thermal blankets, optical materials, thermal control 
paints, aluminum, and composites are among the materials flown. The investigations have 
produced an abundance of analysis results. One of the responsibilities of the Boeing 
Support Contract, Materials and Systems Special Investigation Group, is to collate and 
compile that information into an organized fashion. This paper describes the databases 
developed at Boeing to accomplish this task. 


DATABASE OBJECTIVES 


The main objective of this task was to compile and organize the LDEF results into a 
database as part of the LDEF contract data analysis. After a trade study of various 
database software and an examination of the available investigators papers, a prototype 
database was developed. Important field names were chosen to serve as a framework upon 
which to build information and make it easy for a user to follow and understand the data in 
the database. Once the framework was established, initial data was inputted, in order to 
evaluate the database performance. When the framework was found to be acceptable, the 
bulk of the data was inputted. The Optical Materials Database was the first database 
developed. Because of the good response received from the LDEF community with the 
Optical Materials Database, additional databases were developed for Treated Aluminum 
Hardware, Silverized Teflon, Thermal Control Paints, and the LDEF Environments. 

These database subjects were chosen because of the large amount of data available for 
compilation, and because there was a need to disseminate the information quickly, 
especially to support materials research for future spacecraft applications. 


DATABASE CHARACTERISTICS 


The LDEF database design has several important and distinguishing characteristics. 
Because of the intuitive user interface, it requires no computer experience to operate, and is 
very easy to use. The data provided in the database is entirely traceable back to the original 
source of the information. The principal investigators in charge of the LDEF experiment, 
and other experimenters who authored papers are always acknowledg ed. Database users 
are encouraged to consult the original papers, or contact the experimenters for their first- 
hand accounts. A database password protection mechanism is employed which enables the 
user to have full access to the LDEF information in order to read all available data, print 
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copies, or download into other medium, but it does not give the user an opportunity to edit 
the results. Even though upgrading the information in the database is quite easy, all 
corrections and additions are done at Boeing. Exporting data can be done to a variety of 
formats, including ASCII, the WKS worksheet format used in the Lotus 1-2-3 
software™, SYLK a spreadsheet format for Microsoft Excel™, and the dBase format used 
in the Ashton Tate dBase software™. This way information can be downloaded into the 
user’s own spreadsheets, reports, or databases like M/VISION™ of PDA Engineering or 
the Materials and Processes Technical Information System (MAPTIS) which is the NASA- 
wide storage, retrieval, and display system for materials and processes information 
managed by the NASA Marshall Space Flight Center. The user is not limited to a single 
layout design, but can create whatever layout they prefer. The application software results 
in a flat file database, which can contain text, tables, graphs, diagrams and even picture 
files. (A flat file database was chosen over other types of databases because most of the 
information being produced by LDEF investigators came in the form of text, graphs, 
pictures, and small tables; rarely was the information contained in long narrow columns of 
tabulated data which is most appropriate for relational databases.) Further, the principal 
investigator's interpretation of the results is considered vital to the databasing process, and 
every attempt was made to capture it intact within the database. In essence the LDEF 
databases prepared at Boeing are a compilation of results summaries, conclusions, lessons 
learned, descriptions of flight hardware, and the full spectrum of environmental exposure 
parameters the samples were exposed to. The database was not intended for, nor was it 
designed to archive every data point or perform relational studies. Further, the database is 
only as complete as the information that is available from the investigators for input. 


STATUS OF DATABASES 


To date five databases have been created and respective LDEF data inputted. The 
first, in 1991, was funded by the Systems Special Investigative Group (SSIG) effort to 
compile information on the optical materials that flew on LDEF. As a follow-on to this 
task, we will update the Optical Materials Database in fiscal year 1993. The other four 
databases were started in 1992 and funded by the Materials SIG effort including: 

Silverized Teflon Thermal Blankets; Treated Aluminum Hardware (chromic acid anodize, 
alodyne, sulfuric acid, polished and untreated aluminum); Thermal Control Paints (e.g. 
A276, S13-GLO) and the LDEF Environment. The LDEF Environment Database compiles 
extensive overall data charts, graphs, diagrams, images of the LDEF environment including 
such parameters as the thermal environment, solar ultraviolet (UV), meteroid and debris 
(M/D) impacts, atomic oxygen (AO) exposure, and LDEF historical information. In 
addition, it will contain information on the LDEF microenvironments. 

All of these databases are run on the Filemaker Pro software developed by the 

Claris Corporation. 1 Presently the software is available for Macintosh computers only. 
However, as mentioned earlier, information contained in the databases is exportable to 
DOS computers, by saving to a variety of formats that are readable on the receiving 
computer. By the third quarter of 1992, the Claris Corporation has advised us that there 
will be a DOS / Windows version that will allow one to use the full capability of the 
Filemaker Pro database structure on IBM-compatible personal computers. In addition, an 
upgraded Mac version will be available to the Macintosh users by that time as well. This is 
important for network users, since the user's network resident fileserver will have access 
to both types of computer, and the data will be transparent between the Mac and PC. 
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DATABASE DEMONSTRATION 


The database design is built upon a structure of "field names". Some field name 
entries provide necessary background information such as: experiment name, experiment 
number, principal investigators (Pis), and experiment objectives as shown in Figure 1 . 
Other field names detail the environmental parameters specific to that experiment or 
location (AO, UV, M/D impacts, etc.). Figure 2 shows the ensuing field name titles that 
indicate die hardware that flew on the experiment, and what measurements were performed 
on those parts. Following these field names are others that provide a results summary and 
the principal investigator's conclusions (Figure 3). Along with the Pi's system analysis 
and recommendations for future designs, the database also contains a list of other published 
papers by this author, the references used to make up this database record, the experiment 
status, the hardware archive locations, and a date describing the latest database upgrade, as 
shown in Figure 4. The amount of information contained under each field name is not 
limited to a certain number of characters. 

In addition to text, the database can utilize tables, graphs and picture files. These 
inputs add greatly to the user's understanding of the text or tables already in the database. 
For example, Figure 5 is an example of a picture file within the LDEF Environmental 
Database. It documents the atomic oxygen fluence around the LDEF structure.^ This 
information could just as easily have been put into a numerical table, but the diagram gives 
the reader an excellent perspective of LDEF, and a better understanding of the directionality 
associated with the AO fluence. The second example illustrated in Figure 6 is a graph of 
the bidirectional reflectance distribution function (BRDF) results from a piece of silverized 
teflon (AgFEP). 3 This plot provides the viewer a better opportunity to evaluate the 
variation of diffuse reflectance scatter on samples exposed to AO at various locations on 
LDEF. Further it shows the slight asymmetry in the measurement due to the orientation of 
the sample with respect to the measuring laser beam, and the directionality of the roughened 
surface of these specimens. Figure 7 shows a micrometeroid debris impact in metal, 
which has a different appearance than that of an M/D inpact in glass or in an organic 
coating, all of which can be seen in the database The last example (Figure 8) shows a 
scanning tunneling microscope 3-D analysis plot illustrating the surface projections that are 
on the order of a wavelength of light on a diffuse area of the AgFEP. This picture supports 
the author’s interpretation that the opaqueness seen on the AgFEP is likely due to the 
interaction of visible light with the roughened surface through classical reflection-refraction 
processes.^ In summary, these four examples illustrate how important it is to be able to 
include graphics in the various LDEF databases. 

The following is a demonstration of how easy it is to utilize the database to search 
and query information. In this example, we will use the database to find any information 
concerning Experiment S0050. We place S0050 in the Experiment Number slot, and 
press "find" as shown in Figure 9. The database searches and finds Experiment S0050, 
"Effects of Long Duration Exposure on Active Optical System Components" as shown in 
Figure 10. Using the computer we can read through the entire entry, gathering a great deal 
of information on the various optical materials ( Figure 11) that were exposed on this 
experiment. 



GETTING PRELIMINARY COPIES OF THE DATABASE 


To receive a free preliminary copy of the LDEF databases for review, please send a 
written request with an empty 3.5" floppy disk for each database you request to: Dr. Gary 
Pippin, Technical Lead LDEF Materials Data Analysis, Boeing Defense and Space Group, 
P-O- Box 3999, M/S 82-32, Seattle, WA 98124-2499. For your convenience, the table 
below summarizes which databases are available, and the date of their most recent upgrade 
at the time of this conference. 


Table 1. Available LDEF Databases 


LDEF Database Latest T Tpgrade Date 

Optical Materials 12/91 

Sdverized Teflon 05/92 

Treated Aluminum 05/92 

Thermal Control Paints 05/92 

LDEF Environment 05/92 


CONCLUSIONS 


In conclusion, the database fulfills our main objective, namely to compile the LDEF 
materials exposure results into an organized database. Even more than that, the Boeing 
LDEF databases serve as a unique research tool. The databases are application specific, 
and each database is an independent self-contained unit of information. This database 
design allows for efficient and easy transfer of LDEF findings to the space community. 
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4 See, T.H., Allbrooks, M.K., Atkinson, D.R., Simon, C.G., and Zolensky, M.E.: 
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LONG DURATION EXPOSURE S SYSip 

Produced by: Gail Bohnhoff-Hiavacefc Boeing Defense 

Exftnicni TWc Riled and Hof opsgihic Grain gs Expenment 

Expcncnl N anker A0 138-5 
Trey Lecetien: B3 Trafcig Edge 
Experiment Objective: 

To test the behavior ol gratng coatings after e>i ended exposure to the space enwormerl 
coatings forchanges and dfterenbating the influence ot vacuum and sotarliamati on [R| 
AO Heence (ateas/ca2): 3 71E + 03 [Ref 2] 

RaCatian Hex: 

Tempera! eres (C|: from-23Cto 66C (about 34000 orbAs) [Ref 3] 

Exp e a an cu t Tray Sen Hears: 11,100 
MID Impact Dcnsfty: 90 rnpacfsMi2 > 50 um [Ref 3] 

Original P ia n ipel Investiga t or s : 

Gibert Moreau 
Jobin-Yvon Division 
ttstnmerAs, SA 
Longjumeau, FRANCE 


Em 


Figure 1 . Database record with field names and referenced data entries. 


LDEFdata 


Longiumeau, hnwct 

Present Princi pal biveeti paters: 



Francis Bonnemason 
Instruments SA 
Jobin Yvon 

Longjianeau, FRANCE 


Renee Art 

CNESJCentre Spatirt de Toulouse 18 
Avenue Edouard Befin 

31055ToriouseCedex, FRANCE 
Telephone: 3361273780 
FAX: 33 612 74099 

Optical Materials Ravn en LOEF: 

-Repicafrom riled grating (glass Wank + epoxy photoresist + coating)TypeG Gfrtngchfi 
Mazed at 250 nm. Aborted. 

Oiignd mart er holograp hie grating (rfass Mank + senstive phrtoresirt + coring) Type H 
3600 G/MM 50-1 50 nm spectral range, platinum-carted L 

4on etched original master grating (0ass Mank ♦ coating) Type HU Grain q c haraci embe i| 
250nm, A^oated 

-Control rmrorsj^ass Mank ♦ coating) Type W 
[Rrt 5] 

Metsracrts P erf anted en SaaHes: 

-sravefront planarity (hie h els on interferometer) 

-fight efficiency (photogoniomrter) 

-stray fight level (monochromator) 

(Ref 1] 

IsS 


Figure 2. Continuation of database record from Figure L 
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Cindum; . 

Wavefront pterwityand efficiency tests have been peif omed usingthe same nstnm ; 
on the reference swnples (stored on earth in the same container wider w-nfcrogen pr | 
irirorswid gratiigs. We have noticed no wavefront deyadaticn on the gatings Tlw| 
usedformanidwtumg the standard gratings (glass blanks, photoresist for hotopapts || 
photoresist f or repication process andcoatingsJaresuitableforthetheimalconcBiorK ||i 
amples reveded an deration of efficiency ( 1 0%) on the 220-300 nm spectral range v || 
Both holo«sJ)t« and ion-etched originate remainedin good con<Won Longexp«u|| 
rffected the tested coating (A and Ptjreflectwty, around 10%. The same b true v*h < || 

holographic ^dtigat 1 2 1 .6 nm, which shoved 25% degradation of the Ptcoatng L< || 
enwonemnts (swi radwtion, cosmic dusts) has damaged the coatings^mtossat 22 1 | 

nmforPt. Wenotesuniar degradation^hthe Acoatedc«mpo^s(35*^2l^ ^ 

re pica) The Pt coated holographic grating presented a higher damage, 40% at 121 6 J 




Figure 3. Continuation of database record from Figure 2. 


LDEF-data 


System Analysis and Future Design Considerations: 

In actual use, loaded spectroscopic systems are not exposed to solar tabation and ci 
condtiom, gratings should not present significant deterioration, wlhresped to wav 
However, when exposed to solar radiation and cosmic dust, the wavefront quaByam 
degraded in the UV region (Ref 4) 

Published Experiment Reports: 

PTs Database: 

References: 

1 Cteric, Lenwood, et .af , THE LONG DURATION EXPOSURE FACILITY (IDEF),NA 

Research Center, 1984 JO 

2 Bourassa Roger, J and J R Gibs, “Data Summary: Atomic Oxygen FluxandRua J 

Duration Exposure Facility (LDEF), LDEF MSIG, Boeing Defense and Space Group, 
Jot 18 1 99 1 

3 During, Christian, “French Cooperative Passive Pa>1oa<r,C N E S , First LDEF Pi| 

vievfoi copies, June 1991 i: 

4 Bowassa, Roger, J and J R Gils, "Solar Exposure of LongDuralion Exposure F ; 

LDEFMS1G Boeing Defense and Space Group, June 26, 1991,NASAConoact l-l 

5. Bomemason, Francia/Tluled and Holographic Gratings Expenment , First L 
Yiewfoicopy,June 1991 

Experiment Status: 


Data Upgrade Date: 10/9/91 


KM 




m 


WsUmmmrnma^H l --pi r * 

Figure 4. Continuation of database record from Figure 3. 
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Figure 5. Example of a drawing in database. 
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Records 

12 


Found 

1 


Unsorted 



Ctnclvsiwis: 


The FEP maintained *3 thermal control properties throughout the mission Themp* 
I unction arid the blankets each maintained mechsnicaJ integrity Atomic oxygennduo 
ncreased ditluse reflectance, which requires that precautions b e taken if t his marf end i 
optical surfaces The adhesion ot silvertothe FEP wasmuch betterlortraing edge sp 
edge specimens, which were separated vd h ease Certain areas of blanket Ad t a train, 
s urfac e t e>l urn g and 3hadovang indicating exposure to atomic oxygen The evident 
oxygen scatteredtromt he 3cutt plate reaches the surtac e ol btank et Ad Indrect scd' 


Figure 6. Example of graphical plot in database. 
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Figure 7. Example of picture file in database. 
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Figure 9. Search function on database. 


6 Hip Fdit Select imjnn? Hu Format Scripts llhndou. 1 

r = = ;f= y| LONG DURATION EXPOS URETaCILITY (LDEF) OPTICAL SYSTEkr 


Produced by Gail Bohnhoff-Hlavacek Boeing Defense arf 

F xpenaenl j 


F xpenment Title Effects of Long Duration Exposure on AchveOptical System Comp oner 

Experiment Namber ^OOSO Cammen Name Blue * experiment 

Tray t •cation: ES Trading Edge 
Experiment Objective 

To quantrtvthe effects ol lorig duration e exposure onihe performance oflaam.raiMi 
optic* component*. pertornianc r.and. to evaluate the rebuts and wnpdcations or themes u 
guidelines for s elec tiori <;»r spat e el echo- optical systems 

AO Elaence |itcnslca2) I 09E ♦ IS 

Fladi^hen Flax 300 k.rads on uncovered. SOOrads on inverted Hat pack/ 300rad> one o' 

Itmrtnlmti Exyenenterf |C| 1-Jyf»|NA:.A» S tmalel 

CaaaMive E'«ivyent Sun Hum (•? Ex»«n»to* Tray *■■■"» 

Mete ante Impact Density 
Ori final Principal Investifatars 

MDondd Blue, James J Gallagher. R G Sham ellord 
Ge or {pa Institute ol Technology 
Enpneenng ExpenmerV Station 
Atlanta, Ge or g» 30332 


Figure 10. Database retrieves Experiment S0050. 
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